Increasing evidence has demonstrated that long non-coding (lnc) RNA is aberrantly expressed in numerous types of cancer. Colorectal cancer is a common malignancy; however, the role and mechanism underlying the influence of lncRNA-colon cancer associated transcript 1 (CCAT1) in colorectal cancer is yet to be elucidated. The present study revealed that CCAT1 is highly expressed in colorectal cancer tissues. Bioinformatics analysis and a dual-luciferase reporter gene assay indicated that CCAT1 and microRNA (miR)-218 had complementary binding sites. Furthermore, reverse transcription-quantitative PCR revealed that miR-218 was downregulated in colorectal cancer tissues compared with paired adjacent healthy tissues. To investigate the biological effects of CCAT1 on colorectal cancer cells, MTT and Transwell assays were performed. The results revealed that when compared with the control group, CCAT1-short hairpin (sh)RNA significantly inhibited colorectal cancer cell (SW480) viability and decreased migration and invasiveness. In addition, CCAT1-shRNA significantly reduced vascular endothelial growth factor (VEGF) expression in SW480 cells; however, these effects were partially rescued by an miR-218 inhibitor. Furthermore, it was revealed that the CCAT1-plasmid significantly promoted the viability of SW480 cells, increased cell migration and invasiveness, and significantly increased VEGF expression. However, these effects were also partially rescued by with a miR-218 mimic. Taken together, the present results identified that the CCAT1/miR-218 axis serves a key role in the regulation of colorectal cancer progression, which may be used as potential therapeutic target for the treatment of colorectal cancer.
Introduction
Colorectal cancer (CRC) is one of the most common malignant cancers worldwide, and is the third leading cause of cancer-associated mortality in developed countries (1) . A characteristic feature of CRC is the rapid proliferation of cells in the colon and rectum. In China, it was reported that the number of novel CRC cases was 376,300 and the number of mortalities was 191,000 in 2015 (2) . In 2017 the incidence of CRC in the general population worldwide was 5% and the 5-year survival rate was between 40-60% (3) . Despite recent advances in the treatment of CRC, including surgical resection, radiation therapy and chemotherapy, the survival rate of patients is still low (4) (5) (6) . Therefore, the development of novel therapeutic options may confer survival benefits on patients with CRC.
Previous studies have revealed (via integrated genomic and transcriptome sequencing results) that >90% of DNA sequences are actively transcribed, of which 98% are transcribed into various non-coding RNAs, including microRNAs (miRNAs or miRs) and long non-coding (lnc)RNAs (7, 8) . lncRNAs are >200 nucleotides in length and do not code for proteins (9) . lncRNAs regulate gene expression at different levels and serve a crucial role in multiple biological processes (10, 11) . It has been reported that lncRNAs are aberrantly expressed in mammalian and plant cells (12, 13) . There is increasing
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evidence that lncRNAs may serve as novel biomarkers for the diagnosis and prognosis of numerous types of cancer, including hepatocellular carcinoma, gastric cancer, non-small cell lung cancer and pancreatic cancer (14) (15) (16) (17) (18) (19) . Colon cancer associated transcript 1 (CCAT1) is a novel lncRNA that was identified via representative differential analysis, cDNA cloning and the rapid amplification of cDNA ends. The well-characterized cancer gene, c-Myc, is located in the chromosomal 8q24 region, which is comprised of multiple genes associated with CRC (20, 21) . Previous studies have revealed that CCAT1 is activated and upregulated by c-Myc at the transcriptional level, which results in the promotion of tumorigenesis, progression, invasion and metastasis (22) (23) (24) . miR-218 is a tumor-suppressive miRNA that suppresses the proliferation of glioma (25) and mesenchymal stem cells (26) . Additionally, miR-218 inhibits synovial osteogenic differentiation and inhibits the angiogenesis of prostate cancer (27) . However, the role of CCAT1 and miR-218 in CRC is yet to be fully elucidated. Therefore, the present study aimed to investigate the expression and role of CCAT-1 and miR-218 in CRC.
Materials and methods
Tissue samples. A total of 30 CRC specimens and paired normal adjacent cancer tissues (>2 cm from the tumor border) were collected during colorectal resection from 30 patients with CRC (21 males, 9 females; age, 26-72 years old; median age, 51) during gastrointestinal surgery in the Affiliated Suzhou Hospital of Nanjing Medical University (Suzhou, China) between January 2016 and January 2017. The exclusion criteria were: i) Patients that had received pre-operative chemotherapy or radiotherapy treatments; ii) patients that had other malignancies or infectious disease; iii) patients with hereditary CRC syndromes. The present study was approved by the Ethics Committee of the aforementioned Hospital and all patients provided written informed consent.
Cell culture and transfection. Human CRC cells (SW480; ATCC) were cultured with RPMI-1640 medium (Gibco; Thermo Fisher Scientific, Inc.) containing 10% fetal bovine serum (FBS; Gibco; Thermo Fisher Scientific, Inc.) at 37˚C in a 5% CO 2 incubator. SW480 cells were subsequently transfected with 1 µg short hairpin (sh)RNA (CCAT1-shRNA; Guangzhou RiboBio Co., Ltd.), 1 µg negative control shRNA (control-shRNA; Guangzhou RiboBio Co., Ltd.), 100 nM miR-218 inhibitors (5'-ACA UGG UUA GAU CAA GCA CAA-3'; Guangzhou RiboBio Co., Ltd.), 100 nM miR-218 inhibitor controls (inhibitor controls; 5'-UCA CAA CCU CCU AGA AAG AGU AGA-3'; Guangzhou RiboBio Co., Ltd.), 1 µg CCAT1-shRNA + 100 nM miR-218 inhibitors, 1 µg pcDNA3.1-CCAT1 (CCAT1-plasmids; Shanghai GenePharma Co., Ltd.), 1 µg control pcDNA3.1 plasmids (control-plasmids; Shanghai GenePharma Co., Ltd.), 100 nM miR-218-mimics (5'-TTG TGC TTG ATC TAA CCA TGT-3'; Shanghai GenePharma Co., Ltd.), 100 nM miR-218 mimics negative controls (mimic-controls: 5'-TTC TCC GAA CGT GTC ACG TTT C-3'; Shanghai GenePharma Co., Ltd.) or 1 µg CCAT1-plasmid + 100 nM miR-218 mimics for 48 h using Lipofectamine ® 2000 reagent (Invitrogen; Thermo Fisher Scientific, Inc.), according to the manufacturer's protocol.
Transfection efficiency was determined 48 h post-transfection via reverse transcription-quantitative (RT-q) PCR. Untreated cells were used as controls.
MTT assay. SW480 cell viability was determined using an MTT assay. Cells were seeded in 96-well plates at a density of 5x10 3 cells/well. After incubation at 37˚C for 48 h, 20 µl MTT reagent (Sigma-Aldrich; Merck KGaA) was added into each well and incubated for a further 4 h at 37˚C. Subsequently, 150 µl dimethyl sulfoxide (Sigma-Aldrich; Merck KGaA) was added into each well and the suspension was agitated for 15 min. The optical density was measured at 490 nm using a micro-plate reader.
Transwell assay. To investigate migration, SW480 cells (2x10 4 cells per well) re-suspended in RPMI-1640 medium were plated in the upper, uncoated Transwell chambers (pore size, 8 µm; Costar; Corning Inc.). RPMI-1640 medium with 10% FBS was plated in the lower chamber to induce cell migration. After 24 h, the migratory cells in the lower chamber were fixed with 4% paraformaldehyde at room temperature for 30 min. Then, cells were washed in triplicate with PBS and stained using 0.1% crystal violet for 20 min at room temperature. The number of migrated cells were counted under a light microscope at a magnification of x200 using five random fields of view. For cell invasion assay, the upper chamber was coated with 200 mg/ml of BD Matrigel™ Matrix (BD Biosciences) at 37˚C for 30 min. The same protocol was followed as described above for the migration assay.
RT-qPCR. Tissue samples and SW480 cells were treated with TRIzol ® (Invitrogen; Thermo Fisher Scientific, Inc.) and total RNA was extracted according to the manufacturer's protocol. cDNA was then synthesized using the miScript Reverse Transcription kit (Qiagen GmbH) according to the manufacturer's protocol. The temperature protocol for this step was as follows: 70˚C for 5 min, 37˚C for 5 min and 42˚C for 1 h. qPCR was then performed using QuantiFast SYBR-Green PCR kit (Qiagen GmbH) in accordance with the manufacturer's protocol. The thermocycling conditions were as follows: 95˚C for 3 min, followed by 40 cycles of 95˚C for 30 sec, 56˚C for 30 sec and 72˚C for 30 sec. GAPDH or U6 were used as internal controls for normalization. The primer sequences were as follows: CCAT1 forward, 5'-AGA AAC ACT ATC ACC TAC GC-3' and reverse, 5'-CTT AAC AGG GCA TTG CTA ATC T-3'; GAPDH forward, 5'-TGT TGC CAT CAA TGA CCC CTT-3' and reverse, 5'-CTC CAC GAC GTA CTC AGC G-3'; U6 forward, 5'-GCT TCG GCA GCA CAT ATA CTA AAA T-3' and reverse 5'-CGC TTC ACG AAT TTG CGT GTC AT-3'; miR-218 forward, 5'-GTT GTG CTT GAT CTA ACC ATG T-3' and reverse, 5'-CTC GCT TCG GCA GCA CA-3'; vascular endothelial growth factor (VEGF) forward, 5'-GAG CCT TGC CTT GCT GCT CTA C-3' and reverse, 5'-CAC CAG GGT CTC GAT TGG ATG-3'. Relative gene expression was calculated using the 2 -ΔΔCq method (28) .
Western blotting. Total protein from SW480 cells was extracted using radioimmunoprecipitation assay (RIPA) buffer (Beyotime Institute of Biotechnology) with phenylmethylsulfonyl fluoride (PMSF; Beyotime Institute of Biotechnology). The protein concentration was subsequently determined using a bicinchoninic acid assay kit (Beyotime Institute of Biotechnology). A total of 30 µg of protein was loaded per lane and separated via 12% SDS-PAGE. Samples were then transferred to PVDF membranes (Bio-Rad Laboratories, Inc.), which were subsequently were blocked using 5% skimmed milk in TBS containing 0.1% Tween (Beyotime Institute of Biotechnology) at room temperature for 1.5 h. Membranes were incubated with the following primary antibodies: VEGF (1:1,000; cat no. ab53465; Abcam) and β-actin (1:1,000; cat no. 4970; Cell Signaling Technology, Inc.) at 4˚C overnight. Subsequently, the membranes were incubated with horseradish peroxidase-conjugated anti-rabbit IgG secondary antibodies (1:2,000; cat no. 7074; Cell Signaling Technology, Inc.) at room temperature for 1 h. Protein bands were visualized using an enhanced chemiluminescence assay (EMD Millipore). β-actin served as the loading control for normalization.
Dual-luciferase reporter assay. Starbase version 3.0 (http://starbase.sysu.edu.cn/) was used to identify associations between CCAT1 and miR-218. The results indicated that there were complementary binding sites between miR-218 and CCAT1. The fragment of CCAT1 containing the target sequence of miR-218 was amplified via RT-qPCR (as previously described) and then inserted into a pmirGLO vector (Promega Corporation) to form the wild-type CCAT1 reporter vector (CCAT1-WT). An additional expression vector was also constructed by inserting a mutated binding site and was termed CCAT1-mutated-type (CCAT1-MUT). SW480 cells were seeded into 24-well plates at a density of 5x10 4 cells per well. When the confluency reached ~80%, SW480 cells were co-transfected with CCAT1-WT or CCAT1-MUT and miR-218 mimics or the negative control at 37˚C for 48 h using Lipofectamine 2000 ® (Invitrogen; Thermo Fisher Scientific, Inc.), in accordance with the manufacturer's protocol. The relative luciferase activity was then determined using a Dual-Luciferase Reporter assay system (Promega Corporation) according to the manufacturer's protocol. Luciferase activity was normalized to the activity of Renilla.
Statistical analysis. Experiments were repeated three times and data are presented as the mean ± SD. Statistical analyses were performed using SPSS version 18.0 software (SPSS, Inc.). Significant differences between groups was calculated using a paired Student's t-test or one-way ANOVA followed by Tukey's post-hoc test. P<0.05 was considered to indicate a statistically significant difference.
Results
Expression of CCAT1 in patients with CRC. RT-qPCR was performed to detect the expression of CCAT1 in CRC and adjacent normal tissues. The results revealed that when compared with adjacent normal tissues, CCAT1 expression was significantly upregulated in CRC ( Fig. 1 ).
CCAT1 directly binds to miR-218. To verify the association between CCAT1 and miR-218, bioinformatics analysis was performed using Starbase version 3.0 to identify potential binding sites between CCAT1 and miR-218. The results indicated that a complementary binding site existed between CCAT1 and miR-218 ( Fig. 2A) . A dual-luciferase reporter assay was then performed to validate the predicted result. SW480 cells were co-transfected with a luciferase plasmid containing the CCAT1 sequence (CCAT1-WT or CCAT1-MUT) and the miR-218 mimic or the negative control. The results demonstrated that the miR-218 mimic significantly inhibited the luciferase activity of CCAT1-WT, while the miR-218 mimic did not exert an inhibitory effect on CCAT1-MUT ( Fig. 2B) . Taken together, the results indicated that CCAT1 may bind directly to miR-218.
Expression of miR-218 in patients with CRC. RT-qPCR was performed to detect the expression of miR-218 in 30 CRC and paired adjacent normal tissues. The results indicated that the expression of miR-218 was significantly downregulated in CRC tissues compared with normal tissues (Fig. 3) . Downregulation of CCAT1 is associated with an increase of miR-218 expression in SW480 cells. SW480 cells were transfected with either CCAT1-shRNA, control-shRNA, miR-218 inhibitors, inhibitor controls or CCAT1-shRNA + miR-218 inhibitor for 48 h, respectively. Subsequently, RT-qPCR was performed to detect transfection efficiency. When compared with the control group, CCAT1-shRNA significantly reduced the expression of CCAT1 in SW480 cells (Fig. 4A) whilst the miR-218 inhibitor significantly decreased the expression of miR-218 ( Fig. 4B ). Furthermore, the results of the present study indicated that CCAT1-shRNA significantly increased the expression of miR-218 in SW480 cells, which was partially reversed following treatment with the miR-218 inhibitor (Fig. 4C ).
Effect of CCAT1 knockdown on SW480 cell viability, migration and invasion.
To investigate the influence of CCAT1 on the biological activity of SW480 cells, cells were transfected with CCAT1-shRNA, control-shRNA or CCAT1-shRNA + miR-218 inhibitor for 48 h. The results of the MTT assay revealed that, when compared with the control group, CCAT1-shRNA significantly inhibited the viability of SW480 cells (Fig. 5A ). Furthermore, the results of the Transwell assay indicated that CCAT1-shRNA significantly suppressed SW480 cell migration and invasion ( Fig. 5B-E) . Western blotting demonstrated that CCAT1-shRNA markedly reduced VEGF expression in SW480 cells at the protein level (Fig. 5F) . Additionally, CCAT1-shRNA significantly reduced the mRNA expression of VEGF in SW480 cells (Fig. 5G) . The aforementioned effects occurring after CCAT1-shRNA treatment were all partially reversed by co-transfection with a miR-218-inhibitor. The current results indicated that CCAT1-shRNA inhibited CRC cell viability, migration and invasion by downregulating VEGF expression via miR-218 modulation.
CCAT1 upregulation inhibits miR-218 expression in SW480 cells.
To further investigate the role of CCAT1 and miR-218 in CRC, SW480 cells were transfected with CCAT1-plasmids, control-plasmids, miR-218-mimics, mimic controls or CCAT1-plasmid + miR-218 mimics for 48 h. Subsequently, an RT-qPCR assay was performed to detect transfection efficiency. The results revealed that the CCAT1-plasmid significantly increased the expression of CCAT1 in SW480 cells compared with the control group (Fig. 6A) . Furthermore, the miR-218 mimic significantly increased the expression of miR-218 in SW480 cells compared with the control group (Fig. 6B) . Treatment with the CCAT1-plasmid significantly reduced the expression of miR-218 in SW480 cells compared with the control group, which was partially rescued by co-transfection with the miR-218 mimic (Fig. 6C ). 
Increased expression of CCAT1 increases the viability, migration and invasiveness of SW480 cells.
To investigate the effect of high CCAT1 levels on the viability, migration and invasiveness of SW480 cells, MTT and Transwell assays were performed. The MTT assay revealed that, compared with the control group, transfection with the CCAT1-plasmid significantly promoted the viability of SW480 cells (Fig. 7A ). The Transwell assay indicated that transfection with a CCAT1-plasmid increased SW480 cell migration ( Fig. 7B and C) and invasiveness ( Fig. 7D and E) . Furthermore, CCAT1-plasmid transfection increased VEGF expression in SW480 cells at the mRNA and protein levels ( Fig. 7F and G) . All effects were partially reversed following co-transfection with a miR-218 mimic. Taken together, the results indicated that the CCAT1-plasmid increased CRC cell viability, migration and invasiveness by promoting VEGF expression via miR-218 modulation.
Discussion
A number of studies have suggested that the lncRNA CCAT1 influences the progression of different types of cancer (20) (21) (22) (23) (24) 29) . The present study focused on the investigation of the role of lncRNA CCAT1 in CRC cells. Increasing evidence has revealed that lncRNAs serve a crucial role in the occurrence, progression and metastasis of various types of cancer (30) (31) (32) . It has been reported that lncRNAs affect the tumorigenesis of CRC and are associated with clinical outcomes (33) . Jiang et al (34) reported that lncRNA-gradually increased during hepatocarcinogenesis (GIHCG) was highly expressed in CRC tissues and cell lines, and that GIHCG deficiency suppressed cell migration and invasion. Shi et al (35) also indicated that lncRNA-ZNFX1 antisense RNA 1 (ZNFX1-AS1) was upregulated in CRC tissues and . CCAT1 upregulation inhibits miR-218 expression in SW480 cells. Reverse transcription-quantitative PCR was performed to detect the expression of (A) CCAT1 following SW480 cell transfection with CCAT1-plasmids or control-plasmids. The expression of (B) miR-218 was assessed following SW480 cell transfection with miR-218 mimics or mimic controls. Levels of (C) miR-218 were determined following transfection with CCAT1-plasmids, control-plasmids or CCAT1-plasmid + miR-218 mimics. Data were presented as the mean ± SD. ** P<0.01 vs. control-plasmid/mimic control; ## P<0.01 vs. CCAT1-plasmid. CCAT1, colon cancer associated transcript 1; miR, microRNA. cells, and ZNFX1-AS1 knockdown inhibited cell proliferation. In addition, previous studies have indicated that increased lncRNA-CCAT2 expression may serve as a potential biomarker for CRC diagnosis, and may also serve as an independent predictor of prognosis (36, 37) . In the present study, CCAT1 expression was significantly upregulated in CRC tissue.
Bioinformatics analysis indicated that CCAT1 and miR-218 possess complementary binding sites. miR-218 has been identified as a tumor-suppressive factor in cancers, including cervical cancer, osteosarcoma and prostate cancer (38) (39) (40) . Zhu et al (38) demonstrated that miR-218 is downregulated in cervical cancer and that miR-218 overexpression suppresses cervical cancer cell viability and induces cell apoptosis. Additionally, Xuan et al (39) reported that miR-218 was significantly downregulated in osteosarcoma cells and that treatment with miR-218 suppressed osteosarcoma formation in vivo. Zhang et al (40) demonstrated that lncRNA-prostate cancer antigen 3 (PCA3) regulated prostate cancer by sponging miR-218-5p and modulating high mobility group box 1. In the present study, it was demonstrated that miR-218 was downregulated in CRC tissues.
VEGF, a potent angiogenic factor, serves a key role in the formation of new blood vessels in CRC (41) . VEGF is upregulated in CRC tissues and anti-VEGF therapy has been applied to patients with metastatic CRC (42, 43) . A previous study demonstrated that CCAT1 downregulation decreased thyroid cancer cell viability, proliferation, migration and invasion, and reduced VEGF expression (44) . A further study revealed that miR-218 overexpression inhibited cell viability, promoted apoptosis and decreased the expression of VEGF in cervical cancer cells (40) . The current study therefore hypothesized that CCAT1 inhibition may influence CRC cell viability and metastasis by downregulating VEGF expression via miR-218 sponging. Thus, the effect of CCAT1 on CRC cells and VEGF expression was investigated. The results revealed that CCAT1 was knocked down or overexpressed in CRC cells. The results further indicated that CCAT1 knockdown inhibited CRC cell viability, migration and invasion. Additionally, CCAT1 knockdown decreased the expression of VEGF in CRC cells; however, these inhibitory effects were partially reversed by co-transfection with a miR-218 inhibitor. CCAT1 overexpression exerted the opposite effect to CCAT1 knockdown in CRC cells. Taken together, the current results may provide novel insights into the roles and interactions of lnc-CCAT1 and miR-218 in CRC. However, this study only assessed the effects of CCAT1 on CRC cells in vitro, and in vivo studies should be performed to reveal the present results. This is a key limitation of this study.
In summary, CCAT1 influenced the expression of VEGF in CRC cells by negatively regulating miR-218. In addition, CCAT1 was revealed to mediate multiple biological functions underpinning the progression of CRC.
